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(54) A safety arrangement for a vehicle 



(57) A safety arrangement in a motor vehicle includes a 
processor 1 which is associated with a centrally located 
accelerometer 2 to provide an input signal indicative of the 
acceleration being experienced by a central part of the 
vehicle and also with at least one front sensor 3 adapted to 
provide an input signal to the processor 1 in response to 
an impact at the front of the vehicle. The front sensor 3 is 
able to distinguish between different levels of severity of 
impact, the processor 1 controls at least one safety device 
such as an airbag 6. The safety device has different modes 
of performance. The processor is adapted to activate the 
safety device in response to a predetermined signal 
generated by the central accelerometer 2 and is adapted to 
select or control the mode of performance of the safety 
device in dependance upon the signal from the front 
sensor 3. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy. 
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PATENTS ACT 1977 



DESCRIPTION OF INVENTION 



IMPROVEHENTS IN OR RELATING TO A SAFETY ARRANGEMENT 



THE PRESENT INVENTION relates to a safety arrangement, and 
more particularly relates to a safety arrangement in a 
motor vehicle. 

It has been proposed to provide a motor vehicle 
with an accelerometer adapted to provide a signal 
indicative of the acceleration being experienced by a 
central part of the vehicle, that signal, or its integrated 
valve, being used to control the activation of a safety 
device, such as an air-bag. A problem with an arrangement 
of this type is that the accelerometer is not able to 
distinguish sufficiently quickly between impacts of 
different degrees of severity. The accelerometer can only 
respond to the deceleration of the central part of the 
motor vehicle which is separated from the point of impact 
by a "crumple zone". Thus the deceleration experienced by 
the central part of the vehicle or its integrated valve may 
be substantially the same at the time when the safety 
device has to be triggered, regardless of the degree of 
severity of the impact. 

Whilst an accelerometer provided at the front of 
the vehicle would be able to distinguish between impacts of 
different severity sufficiently quickly, there would be a 
grave risk that a front-mounted accelerometer would be 
substantially damaged during an impact and thus would not 
prove to be reliable. 
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The present invention seeks to provide an improved 
safety arrangement. 

According to the present invention there is 
provided a safety arrangement in a motor vehicle, the 
safety arrangement comprising a processor, a central 
accelerometer adapted to provide an input signal to the 
processor indicative of the acceleration being experienced 
by a central part of the vehicle, at least one front sensor 
mounted adjacent the front of the vehicle adapted to 
provide an input signal to the processor in response to an 
impact at the front of the vehicle, the front sensor being 
able to distinguish between differing degrees of severity 
of the impact, the processor being adapted to control at 
least one safety device, which safety device has different 
modes of performance, the processor being adapted to 
activate the safety device in response to a predetermined 
signal generated by the central acceleromter , the processor 
also being adapted to select or control the mode of 
performance of the safety device in dependence upon the 
signal from the front sensor. 

In the preferred arrangement the processor will be 
adapted to select or control the mode of performance of the 
safety device in a predetermined manner in the absence of 
a signal from the front sensor - for example, if the front 
sensor is totally destroyed during the first instant of an 
impact. Thus whenever the central accelerometer generates 
the predetermined signal the safety device is activated and 
the mode of operation will be the predetermined mode unless 
a signal from the front sensor causes the processor to 
select a different mode. 

Preferably the safety device comprises an air bag. 
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Conveniently the processor is adapted to select or 
control the time of inflation of the air bag and the degree 
of inflation of the air bag. 

Advantageously the air bag is provided with a 
plurality of gas generators, the processor being adapted to 
select or control which gas generator is activated and the 
time of activation of the gas generator. 

Preferably the air bag is provided with a venting 
valve, the venting valve being controlled by the processor. 

Conveniently the venting valve is an adjustable 
venting valve. 

Preferably the front sensor is responsive to 
displacement of the front bumper or part of the vehicle at 
the front of the vehicle relative to the chassis or 
monocoque shell of the vehicle. 

Advantageously the front sensor comprises an 
accelerometer responsive to acceleration of a front part of 
the vehicle. 

Preferably the front sensor provides two or more 
signals each representative of a discrete level of severity 
of impact . 

Conveniently the processor is adapted to measure 
the time delay between the said different signals 
representative of discrete levels of severity of impact. 

Preferably the front sensor provides a continuous 
output signal, the processor being adapted to sample that 
signal with a predetermined sampling frequency. 
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Conveniently the sampling frequency is equal to or 
greater than 100 Hz. 

Advantageously the safety device is activated only 
when there is a predetermined signal from the central 
accelerometer . 

Conveniently the predetermined threshold is a 
variable threshold, and is determined in response to a 
signal from the front sensor. 

Preferably the processor calculates the difference 
between an integrated signal from the front accelerometer 
and an integrated signal from the central accelerometer to 
determine the mode of activation of the safety device. 

Conveniently triggering of the safety device is 
activated whenever the mean value of an integrated signal 
from the central accelerometer or the front sensor exceeds 
a predetermined threshold. 

The arrangement may comprise two front sensors, one 
located at each side of the vehicle. 

Preferably the mode of operation of the safety 
device is determined at least partially in response to the 
difference between the signals from the two front sensors. 

The processor may additionally be adapted to select 
or control the mode of performance of the safety device in 
dependance upon one or more signals from one or more 
further sensors in the motor vehicle. Such a further 
sensor may comprise a seat sensor to sense the presence of 
an occupant upon a seat in the vehicle. 



In order that the invention may be more readily 
understood, and so that further features thereof may be 
appreciated, the invention will now be described, by way of 
example, with reference to the accompanying drawings in 
which 

FIGURE 1 is a block diagram illustrating one 
embodiment of a safety arrangement in accordance with the 
invention, and 

FIGURE 2 is a block diagram of a second embodiment 
of a safety arrangement in accordance with the invention. 

Referring to the drawing, a safety arrangement to 
be included in a motor vehicle comprises a processor 1. 
The processor 1 is, as will be described, associated with 
a plurality of sensors which provide the processor with 
data. The processor assesses the data provided by the 
sensors and determines when an accident situation exists. 

The processor also determines the degree of severity of 
the accident, and then initiates the activation of a safety 
device, such as the inflation of an air bag, in a 
controlled manner, so that the safety device responds 
appropriately to the degree of severity of the accident. 

As can be seen from the accompanying drawing the 
processor 1 is connected to receive a signal from a central 
accelerometer 2. The central accelerometer 2 may be of any 
appropriate design but is connected to the chassis or 
monocogue shell of a motor vehicle at a substantially 
central position. Thus the central accelerometer 2 is 
adapted to sense the acceleration of the passenger 
compartment of a motor vehicle. 
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The processor 1 is also connected to receive 
signals from a second sensor 3 which is located at the 
front of the vehicle and comprises an impact sensor, such 
as an accelerometer responsive to the acceleration of the 
front part of the vehicle. The impact sensor 3 is adapted 
to provide a signal to the processor l f that signal being 
indicative of the degree of severity of the impact. 

In a simple embodiment of the invention the impact 
sensor 3 may comprise an arrangement consisting of two 
accelerometers each adapted to provide an output signal 
when a predetermined acceleration is sensed. The 
accelerometers would be such that a first accelerometer 
would respond to a relatively low acceleration, whereas the 
other accelerometer would respond to a relatively high 
acceleration. The accelerometers would be connected to a 
portion of the motor vehicle located at the front of the 
motor vehicle, such as, for example, the front bumper. In 
the event that an accident occurs involving a front impact, 
if the impact ds a very low speed impact neither of the 
accelerometers would be activated. If the impact is a 
moderate speed impact one of the accelerometers will be 
activated, whereas if the impact is a high speed impact, 
both of the accelerometers will be activated. 

It will thus be appreciated that the processor will 
receive a signal from the sensor 3 which is indicative of 
the degree of severity of the impact. The signal received 
by the processor will comprise either the signal from the 
first accelerometer, indicating a low speed impact, or the 
signal from the first accelerometer followed by a signal 
from the second accelerometer, indicating a high speed 
impact. The time period between the commencement of the 
first signal and the commencement of the second signal may 
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be measured and may also indicate the degree of severity of 
the impact. 

Thus the front sensor may be such as to provide 
discrete output signals, the successive signals being sent 
from the sensor to the processor as soon as successive pre- 
determined threshold levels have been reached. The 
processor may, in such an arrangement , measure the time 
taken for each successive threshold to be reached. 

It is to be appreciated that the arrangement 
described above is very simple, and it is preferable that 
a more sophisticated arrangement is utilized. Thus, the 
front sensor 3 may comprise an accelerometer which provides 
a substantially continuous output signal indicative of the 
instantaneous acceleration of the front of the vehicle. 
The substantially continuous signal may be monitored by the 
processor 1 using a predetermined sampling frequency. The 
sampling frequency may preferably be greater than 100 Hz, 
meaning that the signal from the front accelerometer is 
sampled every 10 ms. 

The signal from the front accelerometer may be 
integrated with respect to time and also the signal from 
the central accelerometer 2 may be integrated with respect 
to time. The processor thus calculates the change in 
velocity sensed by the front accelerometer and also the 
change in velocity determined by the central accelerometer 
over a period of time. 

The change in velocity measured by the central 
accelerometer during the initial stages of a crash is not 
really dependent upon the speed of the crash. Thus, for 
example, for a crash into an immovable object when the 
vehicle is travelling initially at 16 meters per second and 
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also in an equivalent situation when the vehicle is 
travelling at 10 meters per second, the change in velocity 
measured by the central accelerometer approximately 20 ms 
after the impact commences will be about 4 meters per 
second. Thus, although the speed of the vehicle before 
impact is very different in the two different situations 
exemplified above, at approximately 2 0 ms after the impact 
commences, the central accelerometer will provide virtually 
identical signals when the output of the accelerometer has 
been integrated with respect to time. It is only after 
approximately 120 - 140 ms that the integrated output is 
really representative of the initial speed of the vehicle. 

In contrast the front sensor 3 which is responsive 
to the displacement or deformation of the bumper or front 
of the vehicle relative to the central part of the chassis 
or monocoque shell provides an immediate (although 
approximate) indication of the initial speed of the vehicle 
or the speed of the impact. 

In a modified embodiment of the invention the 
processor 1 is associated with a second front sensor 3 1 , 
the front sensor 3 and 3» being located one at each side of 
the motor vehicle. 

The processor 1 processes information supplied to 
it by the sensors 2, 3 (and 3'). The sensor is connected, 
in the illustrated embodiment, to a first gas generator 4 
and a second gas generator 5, each associated with a single 
air bag 6. The processor is also connected to a controlled 
vent 7 for the air bag. 

The processor activates the air bag 6 by initiating 
the gas generator 4 or the gas generator 5. The gas 
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generators are each adapted to generate a different volume 
of gas. The processor also controls the adjustable vent 7. 

It is to be appreciated, therefore, that the 
processor can control not only the time of inflation of the 
air bag 6, but also the degree to which the air bag is 
inflated, there being three degrees of inflation caused by 
activation of solely the gas generator 4, solely the gas 
generator 5 or both the gas generator 4 together with the 
gas generator 5. The speed of inflation and the subsequent 
deflation can be adjusted by controlling the adjustable 
vent 7, and also by selecting the time of activation of 
each gas generator. 

It is to be appreciated that many other 
arrangements can be adopted for controlling the degree of 
inflation of the air bag. For example, there may be an 
inner air bag located within an outer air bag. Appropriate 
gas generators may be provided to inflate either the small 
bag or the big bag or both bags. 

The air bag is activated when the integrated signal 
from the central accelerometer reaches a certain threshold. 
The threshold may be an adjustable threshold, adjusted in 
accordance with a signal received from the front sensor 3. 

The processor may evaluate the severity of the 
crash in various ways. A preliminary indication of the 
severity of the crash may be determined from the signals 
received from the front sensor 3. However, the processor 
may calculate the difference between an integrated signal 
from the front accelerometer 3 and an integrated signal 
from the central accelerometer 2 thus determining a value 
which is closely related to the degree of deformation of 
the front part of the vehicle. The triggering may also be 



10 

effected when the mean value of the acceleration measured 
by the central accelerometer 2 and/or the front 
accelerometer 3 exceed a predetermined threshold. The 
mean value of acceleration may be generated by dividing the 
integrated acceleration signal by time. 

Where two sensors 3 , 3 1 are provided the 
performance of the safety system may be dependent upon the 
difference between the signals from the two front sensors. 

Preferably the processor is such that if no 
appropriate signal is received from the front sensor, 
nevertheless the air bag will be inflated on receipt of a 
signal from the central accelerometer 2 which exceeds a 
predetermined threshold. 

It is to be appreciated that in a low speed crash 
the air bag would be inflated at an appropriate time, 
determined by the processor, but the bag would only be 
partially inflated so as to provide a soft cushion. In an 
accident involving higher speeds and more rapid 
deceleration the air bag would be inflated, again at an 
appropriate time determined by the processor, to be 
"harder" . 

Referring now to Figure 2, a second embodiment of 
the invention is illustrated. The illustrated embodiment 
includes a processor 1 adapted to receive signals from a 
central accelerometer 2 and also connected to receive 
signals from a second sensor 3 which is located at the 
front of the vehicle and which comprises an accelerometer 
of the type that supplies a continuous output signal 
representative of the instantaneous acceleration sensed by 
the accelerometer. 
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The processor 1 is connected to control two gas 
generators 4,5 associated with an air-bag. 

The signal a c from the central accelerometer 2 is 
passed to a subtracter 10 where a threshold value a ct is 
subtracted. If the output of the subtracter is greater 
than zero, as determined by a comparator 11 r the signal 
from the central accelerometer has exceeded a predetermined 
threshold, and the comparator 11 commences operation of an 
integrator 12 which integrates the difference signal with 
a respect to time. Thus the integrator 13 integrates the 
value of a c -a ct with respect to time. This integrated value 
represents a change in velocity which can be identified as 
AV . This value is passed to a further substraction 
circuit 13 where a threshold value V ct is subtracted. The 
output of the substraction circuit is passed to a 
comparator 14 which determines if the value is greater than 
zero. If the value is greater than zero an output is 
provided on the output of the comparator 14, that output 
being passed to the ignition circuit of a first gas 
generator 4 and also being passed to one input of an AND 
Gate 15. 

The front accelerometer 3 produces a signal a f 
representative of the acceleration sensed by the front 
accelerometer. This signal is passed to a subtracting 
circuit 16 where a threshold value a ft is subtracted from 
the measured value. The output of the subtracting 
circuit 16 is passed to a discriminator 17 which determines 
if the output of the subtracting circuit is greater than 
zero. If the output is greater than zero, an integrator 18 
is activated which integrates the difference signal with a 
respect to time. Thus the signal a f -a ft is integrated with 
regard to time which gives a signal representative of the 
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change of velocity of the front part of the vehicle 
represented by AV f . 

This signal is passed to a subtraction circuit 19 
where a threshold value V ft is subtracted from the measured 
value and the output of the subtracting circuit is passed 
to a discriminator 20 which determines whether the output 
of the subtraction circuit 19 is greater than zero. If the 
output of the subtraction circuit 19 is greater than zero, 
the discriminator 20 provides an output which is supplied 
to the second input of the AND Gate 15. When the AND 
Gate 15 receives input signals on both of its inputs it 
generates an output which is supplied to the triggering 
circuit of a second gas generator 5. 

It will thus be appreciated that whenever the 
signal a c exceeds a predetermined threshold , and when the 
integral of the signal over a period of time also exceeds 
a predetermined threshold, the first gas generator 4 will 
be activated. However, if the signal a f exceeds a threshold 
and if the integral of the signal with respect to time 
exceeds a further predetermined threshold, then the gas 
generator 5 will also be activated. 

Whilst, in the arrangement illustrated in Figure 2, 
a signal is passed to a subtracting circuit where a 
threshold value is subtracted and the result is then passed 
to a comparator which determines if the resultant signal is 
greater than zero, it would, alternatively, be possible 
simply to compare the signal with the threshold value in an 
appropriate comparator. 
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CLAIMS; 



1. 



A safety arrangement in a motor vehicle, the safety 
arrangement comprising a processor, a central accelerometer 
adapted to provide an input signal to the processor 
indicative of the acceleration being experienced by a 
central part of the vehicle, at least one front sensor 
mounted adjacent the front of the vehicle adapted to 
provide an input signal to the processor in response to an 
impact at the front of the vehicle, the front sensor being 
able to distinguish between differing degrees of seventy 
of the impact, the processor being adapted to control at 
least one safety device, which safety device has different 
modes of performance, the processor being adapted to 
activate the safety device in response to a predetermined 
signal generated by the central acceleromter , the processor 
also being adapted to select or control the mode of 
performance of the safety device in dependence upon the 
signal from the front sensor. 

2. A safety device arrangement according to Claim 1, 

wherein the safety device comprises an air bag. 

A safety arrangement according to Claim 2, wherein 
the processor is adapted to select or control the time of 
inflation of the air bag and the degree of inflation of the 
air bag. 

4. An arrangement according to Claim 3, wherein the 

air bag is provided with a plurality of gas generators, the 
processor being adapted to select or control which gas 
generator is activated and the time of activation of the 
gas generator. 
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5. An arrangement according to any one of Claims 2 to 
4, wherein the air bag is provided with a venting valve, 
operation of the venting valve being controlled by the 
processor. 

6. An arrangement according to Claim 5, wherein the 
venting valve is an adjustable venting valve. 

7. An arrangement according to any one of the 
preceding Claims, wherein the front sensor is responsive to 
displacement of the front bumper or part of the vehicle at 
the front of the vehicle relative to the chassis or 
monocoque shell of the vehicle. 

8. An arrangement according to any one of the 
preceding Claims, wherein the front sensor comprises an 
accelerometer responsive to acceleration of a front part of 
the vehicle, 

9. An arrangement according to any one of the 
preceding Claims, wherein the front sensor provides two or 
more signals each representative of a discreet level of 
severity of impact. 

10. An arrangement according to Claim 9, wherein the 
processor is adapted to measure the time delay between the 
said different signals representative of discrete levels of 
severity of impact. 

11. An arrangement according to any one of the 
preceding Claims, wherein the front sensor provides a 
continuous output signal, the processor being adapted to 
sample that signal with a predetermined sampling frequency. 
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12. An arrangement according to Claim 11, wherein the 
sampling frequency is equal to or greater than 100 Hz. 

13. An arrangement according to any one of the 
preceding Claims wherein the safety device is activated 
when the integrated output signal of the central 
accelerometer reaches a predetermined threshold. 

14. An arrangement according to Claim 13, wherein the 
predetermined threshold is a variable threshold, and is 
determined in response to a signal from the front sensor. 

15. An arrangement according to any one of the 
preceding Claims, wherein the processor calculates the 
difference between an integrated signal from the front 
accelerometer and an integrated signal from the central 
accelerometer to determine the mode of activation of the 
safety device. 

16. An arrangement according to any one of Claims 1 to 
12, wherein triggering of the safety device is activated 
whenever the mean value of an integrated signal from the 
central accelerometer or the front sensor exceeds a 
predetermined threshold. 

17. An arrangement according to any one of the 
preceding Claims, comprising two front sensors, one located 
at each side of the vehicle. 

18. An arrangement according to Claim 17, wherein the 
mode of operation of the safety device is determined at 
least partially in response to the difference between the 
signals from the two front sensors. 
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19. A safety arrangeronet according to any one of the 
preceding Claims wherein the processor is additionally 
adapted to select or congtrol the mode of performance of 
the safety device in dependance upon one or more signals 
from one or more further sensors int he motor vehicle, 

20. A safety arrangement substantially as herein 
described with reference to and as shown in Figure 1 of the 
accompanying drawings. 

21. A safety arrangement substantially as herein 
described with reference to and as shown in Figure 2 of the 
accompanying drawings 

22. Any novel feature or combination of features 
disclosed herein. 
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